It has long been recognised that Quaternary glaciations had a major influence upon the geological 19 history of the North Sea basin, with at least three main phases of ice-sheet growth and decay over the 20 last 0.5 Ma. However recent investigations, often based on novel methods including the analysis of 21 commercial 3-D seismic datasets, have begun to add further detail to knowledge of the North Sea 22
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radiocarbon dating of carbonate material, leading to improved chronological control over the Late 136
Quaternary sequence (Sejrup et al., 2009; Graham et al., 2010) . Where problems with the genetic 137 interpretation of sediments once stood, the use of micromorphological techniques to complement 138 macro-scale studies of cores has become an important tool (Carr, 2004; Carr et al., 2006) . In 139 addition, new core material has been collected from the basin in recent years (Sejrup et sediments, consisting of deltaic sediments and pro-deltaic bottomsets deposited by rivers emanating 150 from continental Europe (Zagwijn, 1974; Cameron et al., 1987; Stoker and Bent, 1987) . The latter 151 was associated with the development of the southern North Sea delta, which has been compared in 152 size to the largest modern delta complexes in the world (Ekman and Scourse, 1993) , and was 153 accountable for the majority of non-glacial deposition during the Early to Mid-Pleistocene in the 154 southern and central North Sea (Cameron et al., 1992) . This delta was probably instigated in the 155 Latest Pliocene-early Pleistocene, and comprises a number of well-defined formations that record its 156 progradation northwards towards the central North Sea where it passes into the pro-deltaic-marinepossible age of 1.7-2.6 Ma (Jackson, 2007) . If correct, these features indicate relatively proximal 170 marine ice-sheet margins during a period of glaciation pre-dating the 'Fedje' glaciation, although the 171 sources of the icebergs could be distal to the North Sea itself (e.g. northern Norwegian margin). stage of the Early Pleistocene, has been described by Bijlsma (1981) and Gibbard (1988) . The former 181
suggested that a proto-Baltic basin was scoured by regional glaciation, which resulted in a paucity of 182 pre-Menapian deposits in the North Sea that bear an eastern European provenance (Carr, 2004) . 
Mid-Pleistocene/Pre-Elsterian glaciations 195
Evidence for Mid-Pleistocene, pre-Elsterian glaciation was suggested by Stoker and Bent (1985) by 196 the presence of subglacial and glacimarine sediments in cores recovered from Firth of Forth ( Figure  197 1, 2). These deposits were assigned a tentative early Cromerian age based on their stratigraphic coastal positions in western Norway (Gibbard, 1988) . However, no record of tills are present in the 211
Norwegian Channel during equivalent times (between ~1.1 Ma and 500 ka) suggesting that, if 212 present, the Don glaciation was of relatively limited extent (Sejrup et al., 1995 (Sejrup et al., , 2000 and ice did not 213 enter the central North Sea during this period. 214 Graham (2007) suggested evidence for pre-Elsterian glacial influence on the North Sea 215 succession, based on the study of 3-D seismic datasets from the Witch Ground basin, central North 216
Sea. Geomorphic evidence for a proximal ice-sheet limit is present in the form of iceberg 217 ploughmarks which are mapped at 130-170 metres depth, within layers of pre-glacial strata 218 corresponding to the Aberdeen Ground Formation (Figure 2 ). Age constraints on the iceberg scours 219 in this locality, as constrained from palaeomagnetic data from BGS borehole 77/02, indicate that the 220 scours probably formed during the Cromerian. The fact that the scours have also been cross-cut by 221 tunnel valleys of a minimum Elsterian age and younger provides a strong support to their pre-222
Elsterian age (Graham, 2007) . 223
224
The Elsterian glaciation 225
226

Glacial limits 227
The Elsterian glaciation -unequivocally correlated to MIS 12 by Gibbard and Cohen (2008) (Sejrup et al., 1987; . Given the apparent size of the 287 ice sheet(s), and the pervasive presence of subglacial meltwater features (which implies a significant 288 bedload) it is likely that the absence of tills in cores relates to either a lack of penetration by existing 289 boreholes, or reflects their reworking by ice rather than non-deposition (e.g., Carr, 2004) . 290
In the southern North Sea, south of the Dogger Bank, some authors have suggested that 291 buried channels contain tills and sediments derived from subglacial meltwater that can be assigned to 292 shelf glaciations, between MIS 10-6 and 2. On this basis, at least one of the palaeo-ice streams is 392 thought to have operated during MIS 4 (flowset 2); the other was assigned a tentative late Saalian 393 MIS 6 age (flowset 1). The acoustic stratigraphy and bedform record also indicate that ice streams 394 are associated with discrete till horizons in a stacked sedimentary sequence, and may be interlayered 395 with glacimarine or proglacial deposits (Graham, 2007) . Notably these sediments had previously 396 been ascribed a simple glacimarine-marine genesis, comprising a single formation ( 
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